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The writer pointed out in 1956 that Rogick divided L. carteri into three 
varieties, i.e., typica, hirnalayana and davenporti, by the range of variation of the 
spinoblasts. However, OnA claimed that the present species should not be divid-
ed into the varieties (1953). He observed the variation range of the spinoblasts 
based upon both rearing and field materials, and ascertained that the range of 
variation of the spinoblasts was very wide and that the variation was due to water 
temperature. 
In 1956, the present writer stated that L. carteri consists of many intraspecific 
groups, which are below the rank of subspecies and varieties. And, therefore, to 
determine the validity of the groups, the following two subjects were brought into 
con,9ideration, namely, (1) taxonomical rank of the groups, and, (2) phylogenetical 
relation among the groups. Considering these problems, some observations were 
made by the present writer, and the results obtained were reported during 1963 
to 1967. Thereafter, the observations were c~ntinued, and the results together with 
a general consideration on the results hitherto obtained are given in this report. 
Before proceeding further, the writer would like to express his hearty thanks 
to Dr. Zen-ichiro Hoshino, Marine Biological Station, Tohoku University, for his 
kind assistance. 
1. ENVIRONMENTAL V ARI.A.TION OF THE FEATURES 
A) Although the colonies were reared ·at constant water temperature, the 
spinoblasts in the coenoecial cavity of the colony varied in the spine number and 
in the shape. 
Sometimes, the variation ranges of these features differed from each other 
among the colonies. which were reared in one vessel (Table 1 ). The cause of this 
difference may be considered as follows: 





Dimensions of the spinobla.et.s of the two colonies a.t different 
parts of the ea.me vessel 
I spines length I width length/width number of in mm in mm readings 
colony A 
I 
11.7 0,93 I 0.73 1.26 26 colony B 11.4 0.95 0.75 1.27 23 
Dimensions are represented by means. Colony A was at the bottom a.nd 
the colony B attached to the wall of the vessel nea.r the surface of water. 
Except for the ratio of length to width, each feature show difference in 
0.05 eignifica.nce level. 
In the writer's observations, the colonies were reared in pond water, in which 
many kinds of protozoans and diatoms were present in general. When the pro-
tistids decreased in number by the sea.son, cultured Paramecia and Ohikmwnads 
were added· to maintain the food chain. The combination and quantity of the 
protozoans in the pond water were not constant being changeable in a short period 
of one week, especially after rainfall. From this fact, the polypides even in one 
colony do not always take the same diet. It seems that this difference in the 
nonconstant diets had some influence on the development of the spines. 
In the range of variation of the spinoblasts among the colonies in one vessel, 
the distribution of the organisms for food exert influence upon the resulting 
difference. For instance, the result of an observation is ·shown in Tables 2 and 3. 
B) Marked seasonal variation was seen in ea.ch feature (Table 4). In the 
seasonal variation, it seems that water temperature plays a.n important role. At 
different water temperature, the spinoblasts differed widely as shown in Table 5, 
and Plates I, II. 
In the rearing observation, the after effect of water temperature was recogniz-
ed (1967). The specimens of after effect were observed continually till 1973, and 
notable results were obtained. In the observations, the colonies were reared at the 
Table 2 
Distribution of the protozoans in one vessel 
window side central part opposite side of window 
neai:- the 
bottom bottom nea.r the bottom surface surface 
Chlamydomonas sp. 380 7 6 1 0 
Chlamydomonas spp.? 4.10 64. 57 0 2 
Cryptomona.s sp. 1 10 0 0 0 
yellowish brown :ffagella.te 5 2 1 0 1 
Chilomona.e sp. 0 10 5 7 7 
Para.meoium oauda.tum 1 0 0 0 0 
noncolored flagellate l 0 1 0 6 
Number of the protozoans in one drop of water were exa.mined. 
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Table 3 
Colors of the stomaches of polypides a.nd their excrements 
window side cen~al part. opposite side of window 
stomach brownish green pale brown brownish grey 
excrements green pale brown pale grey 
Color of the stome.o\t a.nd the excreta differed from ea.oh other among 
the colonies which were presen~ at different pla.ces in the same vessel. 
This fact proves that the diets of the polypides are different at the 
different portions of the vessel. 
Table 4 
Sea.sona.l variation of the spine number at Hiranai, Aomori Prefecture 
date examined water temperatll:t:'e 
spine number I number of (mean) readings 
July 10, 1968 22.0°0 10.8 100 
Sept: 16 24.. 0°0 9,1 80 
Oc~. 30 13.5°0 10.2 100 
Nov. 22 6.0°0 8.8 100 
Dec. 9 6.8°0 9.2 22 
At vecy low temperature, the spines decrease in number as in the case 
of the tentacles (1967 A). 
Table 6 
Variation of the spinoblasts a.t different temperatures June 30, 1973 
28°0 23°0 rnoc 'I 28°0 23°0 
Aomori No. 10 s 6.88 7.16 8.00 I Yohee-numa. s 9.86 12.62 
L 0.96 0. 99 1.00 
w 0.67 0.69 0,75 
R 1.41 1.43 1.88 
Hh'ana.i s 8. 07 8.66 10. 26 Himeji No. 4 
L o. 98 1.02 1. 03 
w o. 73 0.76 0.79 
R 1. 34. 1.34. 1.30 
Udo-numa s 9.60 11.16 11.76 Saij8 
L o. 98 1.04. 1. 04. 
w 0.72 0.76 o. 79 
R 1.36 1.37 1.32 
S ; spine numboc, L; length except for spine in ·mm 
w ; width in mm, R; length/width 
L 0.96 o. 99 
w 0.76 0.82 
R 1.26 1.20 
s 6.68 7. 72 
L 1.00 1.04 
w 0.77 0. 78 
R 1.30 1.83 
---
s 7.10 7.92 
L 1.03 1. 04. 
w 0.78 o. 79 















temperatures of 28°0, 23°0 and 16°0, through successive generations. The result 
of the rearing showed difference fyom that of the first observation in 1967. The 
number of the spines of the materials reared at 28°0 become fewer when they were 
put in water of 23°0 in comparison with those of the control that were reared at 
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23°0. This decrease in number of spines was seen through some successive genera-
tions, and the difference between the control and the experimental gradually 
disappeared (Table 6). Thus the after effect of high water temperature differed 
from the specimens placed in high water temperature for a short period as was 
reported in 1967. 
Table 6 
After effect; of high water t.empera~e appeared 
in the spine number 
generation 11th 12th 13th 14t_h 
cont.rol 7.7 8.7 7.li 7.4 
material reared at 28°0 7.5 8. 0 7. 3 7.4 
15th 18th 
7,6 7.4 
7.5 7. 3 
The material wos reo.red at 28°0 through 10 generations, and from the 
lI th generation it was reared at 23°0 together with the control. Mter 
effect disappelmld in the 14th generation. 
This after effect of the high temperature resembles the permanent modifica-
tion in Par~meoia etc., but differs in that the effect disappeared gradually through 
successive generations. 
The after effect of the materials reared at a low temperature of 16°0 was the 
same as that of 1967. 
As seen in these observations, the influence of the rearing condition appears 
throughout the successive generations. Although the successive generations of 
these materials differ from those of other organisms, it cannot be said that the 
variation due to the environmental factors does not appear in the second genera-
tion. This phenomenon should be taken into consideration when rearing observa-
tions are made. 
·_ C) A;8 menti~ned above, the influence of the environmental factors gradually 
disappeared in all cases. Namely, the difference between the control and the 
experimental disappeared. But the difference among the groups does not disappear 
throughout the continuous generations. In this article, the rearing observation 
was made during the period from 1964 to 1973. 
The materials for the observations were from a reservoir at Saijo Machi in 
Hiroshima Prefecture, and from Yohee-numa in Sendai City. The spinoblasts 
with the largest a,nd the least number of spines were selected from each generation. 
The colonies that originated from them were reared in separate vessels under the 
same rearing conditions. Selection of the spinoblasts was made from 59 generations 
in the Saijo material and 26 in those from Yohee-numa. No effect of selection was 
seen in these materials, and the difference between the two materials did not 
change. 
Another observation was made using the same materials. The spinoblasts 
which showed marked difference among the colonies of each material were used. 
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In this case, the selection was not effective, and no change was seen in the differ-
ence in the features of the spinoblasts between the two materials during the period 
of this observation. 
These facts prove that the difference among the groups is of hereditary nature 
and not of a temporary one due to environmental factors. 
2. DIFFERENCE AMONG THE INTRASPECIFIC GROUPS 
A) As mentioned above, the difference between the two materials did not 
disappear within 10 years under the same rearing condition. The same result 
was obtained from the other groups which were reared at the same time. 
These intraspecific groups were discriminated from each other by (a) spine 
number of the spinoblasts (1963 B), (b) shape of the spinoblasts (1963 C), (c) 
production ability of the special form of the spinbblast (1963 D); (d) dimensions 
of the spinoblasts (1964, C), (e) tentacle number (1954 A, 1967), and by the relation 
in number between the spines and the tentacles (1964 B). 
The spines of the spinoblasts of the material A from the reservoir, Himeji' No. 
36, varied from O to 6 in 'number being 4.1 in mean, whiie those from Higashi 
Sendai ranged from 8 to 15 being 9.5 in mean at 28°0 in 1955. At a low tempera-
ture of 13°0, the variation range of the former was from 4 to 9 and from 11 to 26 
in the latter. The difference of the variation ranges is very large as seen from the 
result of this observation. The variation ranges of the spines differ from one 
another also among the other groups, and are present in those of the two materials 
mentioned above. 
Spineless spinoblasts were seen in the materials from the reservoirs, Himeji No. 
36, and Ako C. They are not abnormal. They germinated normally, and the 
ancestrulae formed normal colonies. 
B) The shape of the spinoblasts was represented by the extent of the spinous 
part in 1963 (C). In this observation, the writer did not state on the convexity 
of this part of the :ft.oat. The end of the :ft.oat varies widely even among th~ 
spinoblasts of one colony as shown in Figs. A-D. In the material from the reser-
voir, Himeji No. 4, the spinoblasts with convex end were 18 among 30, and these 
with straight end were 7, and the ones with concave end were 5 in number on the 
5th of March, 1955. In the materin.l from the reservoir, Himeji No. 36, the ones 
with convex end were 17 /28, these with straight· end 5/28, and those with concave 
end numbered 6/28. The convexity of these materials reared at the same time 
is shown in Table 7. 
The other 17 materials had convex end, and some were slightly convex being 
almost with straight end. As seen in the materials from the two reservoirs, 
Himeji No. 4 and No. 36, the convexity is changeable widely. 
The length of the spines of these spinoblasts also varies in a wide range. · The 
spines at the central part are not always the longest, being sometimes of similar 
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Figure. Variation of the fl.oat end 
A, B Himeji No. 4 These two were ptesent in 
one colony. X30 Mru:oh 5, 1955 
C, D Himeji No. 36 Although these two were 
present in one colony, marked difference 
was seen in the sho. pe. Wide range of vo.ria.• 
tion wa.s recognized among the spinobla.ats 
in tpis colony in the convexity of the fl.oat 
end. 
Table 7 
Vario.tion of the convexity of the fl.oo.t end 
Localities J convex end J straight end I concave end ] toto.l 
Hiroeji No. 4 18 7 6 
Himeji No. 36 17 6 6 
Ako C 24 1 3 
Hyogo No. 7 23 1 1 
Oima-ike 18 6 0 







length. In general, the spines on the straight and concave ends are of similar 
length. LACOURT (1968) claimed that L. stuhlmanni differed from L. carteri in the 
concave end of the fl.oat, and in the spines of similar length. From the variation 
range, however, it is very difficult to regard the former as a valid species. It seems 
that the former is synonym of the latter species. 
C} These features mentioned above are easily changeable, but their ranges 
differ from one another among the intraspecifi.c groups. These groups which are 
distinguishable by these morphological features may be also discriminated from 
each other by their physiological natures. 
Spinoblasts of the materials from the reservoir at Saijo, germinated very 
easily and sometimes they germinated even in the coenoecial cavity of the colony 
at room temperature. Such germination as this was seen in the materials from 
Himeji City and Kakogawa City in Hyogo Prefecture, and in those from some 
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Table 8 
Percentage of the germinated spinoblasts in the 
coenoecial cavity at 23°0. June 14, 1966 
Y ohee-nume. a 0/74 o. 096 
b 0/133 o. 096 
C 0/116 o. 096 
So.ijo IX a 26/236 11.196 
b 23/228 10.196 
SaijO I~ a 19/222 8.696 
b 26/138 18.196 
7 
reservoirs in Aomori Prefecture. But this nature was not recognized in the 
materials from Sendai City and its neighbourhood. In these materials, diapause 
was seen in the spinoblasts. Therefore, the spinoblasts from Y ohee-numa and 
Higashi Sendai etc., did not germinate in the coenoecial cavity in any season 
(Table 8). When the drY: spinoblasts of these materials arc put at 0°-5°0 in an 
ice-box during a period of some weeks, and then immersed in pond water, the 
majority of them may germinate at 23°0. When the spinoblasts which were 
produced at 13°0 are preserved in dry condition during a period of some weeks, 
they may easily germinate at 23°0, but the ones produced at 28°0 are required a 
long period of diapause at low temperature for their germination. In these mat-
erials from the Sendai Area, the percentage of germination is low in the spinoblasts 
produced at high water temperature in comparison with that at 23°0 and 16°0. 
From the nature just mentioned, the generations reared were not equal among 
the groups. Th~ groups from the reservoir, Saijcl No. 2, was 59 generations in 
the laboratory, but the one from Yohee-numa were 26 during the period from 1964 
to 1973. In the group from Higashi Sendai, the generation was 12 from 1953 to 
1964, and the rearing of this material failed to continue after 1964. 
From these facts, it is clear that the difference of diapause occurs among the 
groups . 
. D) In the materials from Udo-numa and Yohee-numa in Sendai City, the 
spmoblasts are released from the coenoecium without staying there for a long 
period. Therefore, the spinoblasts in the coenoecial cavity are not so many as 
those in the other materials from Saijo Machi and Himeji City. At low tempera-
ture, however, the spinoblasts of the materials from Udo-numa and Yohee-numa 
stay in the coenoecial cavity for a long period. At 23°0, differentiation of this 
nature may be seen easily among the intraspecific groups (Table 9). 
E) In 1973, the spinoblasts of the 14 groups germinated on the same day. 
They were reared under the same condition. Except for the material from the 
large reservoir at Wata-no-se, Hiroshima Prefecture, the colonies produced many 
spinoblasts after one month from the germination of the original spinoblasts. 
Twenty days later, the formation of the spinoblasts was seen in the material from 




Number of the spinoblnsts in the coenoeoio.1 cavity o.nd the released 
spinoblasts in e. week. June 30, 1973 
28°0 23°0 16°0 
in co.vity 1:eleased in cavity! 1:eleased in cavity\ wleased 
Himeji No. l 36 27 91 0 
32 0 
Hilose.ki No. 10 31 2'f 'f'f 31 
64. 0 
Udo-nume. 15 30 59 24. 
40 0 
among the groups in the same period. It may be said that physiological difference 
is seen among the groups in this point. 
F) ODA (1957) first found the larvae of L. carteri produced by sexual repro-
duction in the field material from Furutone, Saitama Prefecture. He observed 
the larvae in detail in the laboratory, and reported the result of his observation 
in 1958. The present writer also observed the larvae produced in the _field material 
from Udo-numa. The sexual reproduction occurred in the material _from the 
reservoir, Hyogo No. 105, in the laboratory. Except for these materials, how-
ever no larvae were seen in the field and also in the laboratory from 1939 to 1973. 
Fro~ these facts, it seems that differentiation of sexual reproduction ability ~ccurs 
among the groups. . . · 
.AB seen from these results of the observations, the intraspec1fic groups differ-
entiate in their morphological features and physiological natures. 
3. DISTRIBUTION OF THE GROUPS 
A) fu one reservoir, one intraspecific group was seen in general (1964 C). 
But some reservoirs had two or three groups, and in rare cases, five or more groups 
were present in the same reservoir (Table 10). From this fact, _it 1may ~e said 
that the present species consists of many different groups. Rog1ck s typica and 
davenporti are included among them, and many forms intermediate between these 
two are present. Among the groups from the reservoir, Hiros~ No. 6, the grou~ 
(f) agrees with the Rogick's typica, and the group (k) agrees with her davenpurti. 
The other groups are apparently forms intermediate be~':een ~hese tw~. . The 
variation of these groups is continuous, and cannot be d1v1ded into varieties or 
subspecies in this respect. . . 
B) Among the reservoirs which are located closely, the mtraspecific groups 
resemble one another except for those in the reservoirs, Hirosaki No. 6 and Hyogo 
No. 105. One common group was seen in five reservoirs which were located within 
1.5 km. of each other at Saijo Machi. At Amida Mura near Kakogawa City, five 
reservoirs are located within 2 km. One common group was distributed among 
them. 
With the increase of distance of the localities, difference of the groups becomes 
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Tu.ble 10 
Intro.speoific groups in the two reservoirs 
. epinoblaeta 
tent.a.oles 
spines length I width length/width 
HyOgo No. 105 
group I 'f4.4 'f.6 0.911mm O.'f3mm 1.26 
II 7LD 8,1 o. 96 0.73 1.31 
m 'fll.8 s. 2 0.90 o.n 1,21 
IV 'f3. 2 8,3 0.96 0,15 1.28 
V 'f3.0 10,5 0.93 o. 'f4. 1.24. 
VI 76. 2 11.9 o. 9'f O,'f8 1.23 
Hiroea.ki No. 0 
group (f) 'fl. 'f 7.6 0,98 0. 71 1.36 
(a) 'f4.6 8. 'f . 0.92 O.'fO 1.29 
(m) 'f4. 4, 9.0 0.94. O,'fO 1,311 
(1) 'fS. 9 10.0 0.93 0. 72 1. 29 
(k) 'f2. 0 12.3 0.95 o. 'fl 1,3!! 
The group VI in the 1:eservoir, Hyog6 No. 105, and the one (K) in Hirosaki 
No. 0 belong to the Rogiok'e variety davenporti, and the g:roupe I and (f) 
to variety typica. 
Table 11 
Relation between the air and the water tempora.tures in the two reservoirs 
6.00 14.00 18.00 
hour 
air water air wate1; air 
Him.eji No. 4 ' 
Himeji City 24.1°0 29.3°0 30.8°0 30. 6°0 29.'f°C 
HyOgo Ptef. 
Yohee-muna 





larger as reported in 1964 (C). Moreover, the groups show a gradient of ·local 
variation in their features. This gradient shows parallelism with that of the air-
temperature of the localities (1964 C). Water temperature of the reservoir changes 
according· to the air-temperature. For example; parallelism of these temperatures 
is shown in Table 11. In this observation, the water temperature was taken at 
30 cm depth in each reservoir where the colonies were present. .AB. seen in this 
table, the water temperature varies with the change of the air-temperature. In 
the reservoir, Himeji No. 4, the water temperature does not fall at night as much 
as that at Yohee-numa. 
The spines are fewer in .the southern groups than those in the northern ones. 
The tentacle nwnber and the dimensions of the spinoblasts are larger in the south-
ern groups than in the northern ones (Table 12). In the groups from Himeji No. 
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Table 12 
Loce.1 va.rfo,tion of the fea.tures 
spinobla.sts 
tenta.cles 
I length I width ! lengi;h/width spines 
Himeji Area 
0,99mm 0.75mm 1.81 Himeji No. 4 74.1 6.4 
No. 32 73. 8 6. 7 0.97 0.77 1.26 
No. 7 73.7 6.1 1.01 0.79 1.36 
No. 4 74. 4 6.8 1.04 0.81 1.28 
No. 1 72. 6 8.4 1.08 0.81 1.88 
Sendai Area. 
0,72 1,24 Anyoji No. I 72.6 9,1 0.90 
No. 2 72,8 9.6 0.98 0.76 1,28 
Ka.tSUl'o-shima. 78.4 10.8 0.97 0.76 1 27 
Sugama.-0-ike 67.0 ll.8 0.92 0.75 1.22 
Y ohee-numa. 76,6 ll,6 0.96 0.76 1.25 
Higashi Senda.i 74.6 12.6 0;96 , 0.77 1.24 
4, the spines of the spinoblasts are fewer than those from Yohee-numa. From 
these facts, it seems that the differentiation of the groups occurred having a certain 
relation with the water temperature. 
4. LIVING PERIOD OF THE COLONIES 
In the two small reservoirs at Higashi Sendai, one group with a large spine 
number was present till 1964. The observation on the living period of the colony 
was made from May to December in. 1939-1943, and in 1947-1953. The colonies 
were seen from the la.st of May to the last of November except for August in most 
cases. The luxuriant colonies were seen in the middle of July, and they weaken 
with the rising of the water temperature, and the colonies-disappeared at 26°-28°0. 
Therefore, no colonies were seen from the beginning of August every year. This 
disappearance of the colonies was also seen in the groups of the large reservoir at 
Wata-no-se (Table 13). These groups belong to the Rogick's davenpmti having a 
large number of spin.es on the spinoblasts. It is very difficult to rear these groups 
in high water temperature of 29°0 or more. At 28°(}-29°0, the spinobla.sts of 
these groups assume a different form from that at 23°0--25°0 (Pl. 11.). On the 
Ta.ble 13 
Disa.ppeamnce of the colonies at high water temperature in o la.rgc 
J,'eservoir at"Wnto-no-se, Hil'oahlma. Prefec~ure 












oppea.red one colony 
luxul'innt 
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contrary, the groups which produce the spinoblasts with a few spines live even in. 
August. Their luxuriant colonies were collected in August in a canal in Saga 
Prefecture and in. a small reservoir at Kagitori in. Sendai City where the water 
temperature was 28°(}-30°0. The groups which produce the spinobla.sts with a 
few spines weaken at a temperature as low as 10°0 in. general. 
From these facts, it seems that the groups which produce the spin.oblasts with 
many spines adapt to localJ:ties of low temp~ature, while the groups with a few 
spine number to the place of high temperature. 
5. PHYLOGENY OF THE GROUPS 
As the writer already mentioned in. 1956, some groups produced the spineless 
spinoblasts (Pl. I, 1), The groups from the reservoirs, Himeji No·. 4, No. 36, Ako 
O etc., produce the spineless spinoblasts at high water temperature. From the 
phylogeny of the statoblasts, it may be considered that the statoblast of the 
ancestral group of L. carteri might be such spineless one as this. And, it seems 
that the spineless spinoblast retaines the ancestral form of L. carteri. Perhaps, 
the groups which produce the spinobla.sts with many spines differentiated from 
the groups with a few spines at a low temperature. The latter groups might first 
differentiate from the ancestral group in the tropics or subtropics, and then differ-
entiated into many groups going north. 
The groups with the spinoblasts of the oovenporti type are sometimes seen in 
southern part of Japan, and those with a few spines are often seen in the northern 
areas. But it seeµis that the groups with m.any spines migrated from the original 
northern area, and the ones with a few spines, i.e., the group (f) in the reservoir 
Hirosaki No. 6, might have migrated from the southern area. 
SUMMARY 
l. L. carteri consists of many intraspecific groups. 
2. These groups may be distinguished from each other by their morphologi-
cal features and also physiological natures. 
3. These groups cannot be classified into varieties or subspecies. 
4. The groups which produce the spinoblasts with a few spines a.re distri-
buted in the southern areas of high temperature, and the groups with many spines 
are in. the northern areas in general. 
5. These groups differentiated parallel with the water temperature. 
6. It seems that the groups which produce the spinoblasts with a few spines 
retain the primitive form in the spinoblast. · 
7. It seems that such groups as this might first differentiate from the an-
cestral form in the tropics or in the subtropics, and then the groups with many 
spines might differentiate from them going north. 
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Plates I, II 
Variation of the spinoblast 
l. Spineless spinoblast. Himeji No. 36, August 28, 1954 X 30 
This spinoblast is irregular in the shape, but the other spinoblasts are of regular shape. 
2, 3. Two spinoblasts produced in one colony. Himeji No. 36, March 5, 1955 x 30 
The float ends differ from each other in the convexity. 
4--6. Three spinoblasts produced at 28°0 (4), 23°0 (5) and 16°C (6). Saijo II, July 30, 
1973 X30 
7- 9. ditto. Hiranai, Aomori Prefecture, July 30, 1973 x 3 
10--12. ditto. Wata-no-se, Hiroshima Prefecture, July 30, 1973 x 30 
13-15. ditto. Izu-numa, Miyagi Prefecture, July 30, 1973 x 30 
16-18. ditto. Yohee-numa, Sendai City, Miyagi Prefecture, July 30, 1973 x 30 The spine 
number, dimensions and the shape of the spinoblasts vary widely at the different 
water temperatures. The variation ranges of the materials differ from each other. 
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